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Abstract 
This study reports an arrangement directed at the development of 12 pre-service teachers’ TPACK, by guiding them 
in developing, practicing and teaching lessons that integrate technology for the first time. Interview, observation, 
and survey data were collected throughout the study. Results from the study confirmed the contention of Koehler 
and Mishra (2008) that teachers’ TPACK can be expressed in different ways for different students and in different 
contextual conditions. Analysis of lesson plan documents showed a well presented theoretical development of the 
teachers’ TPACK. This seemed to have aligned with their self-reported beliefs which reported slightly higher 
competencies of TPACK. Observation data however, indicated that teachers had acquired technology integration 
skills but demonstrated relatively low competencies in blending the components of TPACK. The study leaves no 
doubts that these teachers’ stated pedagogical beliefs did not align with their instructional practices. 
 
 
Introduction 
The notion of TPACK defined as understanding the connections and interactions between and among content 
knowledge (subject-matter that is to be taught), technological knowledge (computers, the Internet, digital video, 
etc.), and pedagogical knowledge (practices, processes, strategies, procedures and methods of teaching and learning) 
to improve student learning (Koehler & Mishra, 2005) is quickly becoming popular among researchers and 
practitioners alike. As a result, various researchers have developed related curriculum, texts, professional 
development models, methods of measurement, as well as advancements to the framework itself (Angeli and 
Valanides, 2009; Niess, 2008; Schmidt et al. 2009). However, while the theory of TPACK is compelling, there is a 
dilemma now facing the field as various methodologies are being developed in an attempt to measure TPACK. In 
several studies, survey instruments have been developed to measure teachers’ TPACK development (e.g. Schmidt et 
al., 2009; Archambault & Crippen; 2009). Basically these instruments assess teachers’ self report about their 
TPACK. Kereluik, Casperson and Akcaoglu (2010) reported that although self-reported surveys provide important 
information about an individual’s TPACK awareness, such data are limited to measuring individuals’ beliefs. They 
proposed a complementary method of analysis to identify and apply elements of TPACK in pre- service teacher 
lesson plans and argue that for effective TPACK assessment, teachers must be able to apply their TPACK to their 
lessons.  Another concern in measuring TPACK is the relation between teachers’ self-report data (or the instructional 
plans) and how teachers use TPACK in practice. Teachers may show high scores on the TPACK survey, but do not 
show this in observations (So & Kim, 2009). This study reports a wide range of approaches (Survey, interviews, 
observation and lesson plan analysis) to measure TPACK of 12 pre-service teachers. The study aims to further our 
thinking about the differences these teachers express in their TPACK   as measured by the different approaches.  
 
Arrangement  
 Twelve pre-service teachers worked in groups of two (six  Teacher Design Teams -TDT) to design a technology-
based lesson and subsequently taught them; Exemplary curriculum materials were a necessary component to inspire 
teachers to learn and collaborate better in their teams; the technology used mainly in the study were spreadsheet 
applications for mathematics, because it was readily available and user friendly with the potential of supporting 
students’ higher-order thinking in mathematics (Agyei & Voogt, submitted). The TDT’s  learned the spreadsheet 
technologies they needed to as they made decisions about what content to include and with what appropriate 
instructional strategy, what activities and assignments they wanted their students to engage in, how their students 
would be assessed, and how the lesson would appear aesthetically. By designing an actual class, one member of 
each of the six TDT taught peers (the lesson they had developed) in a learning environment at the first instance of 
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implementation. This provided teams opportunities for sustained inquiry and revision where they could develop a 
deep understanding of the connections, interactions, affordances, and constraints between and among technology, 
pedagogy, and content.  The TDT’s also experienced and reflected the challenges and opportunities of teaching with 
technology in a real field. In the second instance the second set of the TDT members (from the six teams) taught the 
same lesson in one of 3 senior high school mathematics classroom. The PD arrangement lasted over a period of 13 
weeks. The PD started with an introductory workshop spanning over two weeks to prepare the target group by 
giving them the theoretical foundation (concept of TPACK, TDT,s and Learner-centered technology supported 
lessons) and the practical skills (Basic ICT skills acquisition and working in design teams) they needed to work 
successfully during the entire study. This was followed by the design stage (5 weeks) during which the teams 
modeled their own lessons to be taught with ICT. During this stage, 10 meetings were organized (in ICT based 
environment), but informal interactions among teams (in between meetings) were observed. The Implementation 
stage involved teaching try-outs of target teachers’ developed lessons which lasted for 6 weeks. 
Subsequently six lessons were developed and taught two times at different stages of implementation. Table 1 gives 
an overview of the lessons designed and taught by the teams. 
Table 1: Overview of Lessons taught by target–teachers during implementation 
 Peer 
Teaching  
Real Classroom try-outs 
(SHS) 
Lesson (teachers)     N(190) School Form N(225) 
Lesson 
Duratio
n (Min) 
Transformation by a Vector (TBV) - T11, T12 30 B 3 35 80 
Distance between two given points of a line (DBTGP) 
- T21, T22 
32 A 1 43 40 
Trigonometric Functions (TRIG) - T31, T32 32 C 3 42 80 
Quadratic in Vector Form (QVF) - T41, T42 34 B 2 36 80 
Quadratic in Polynomial Form (QPF) - T51, T52 31 A 2 44 80 
Graphs of Linear Equations (GLE) - T61, T62 31 C 1 25 40 
All T.1= Peer teaching; All T.2 = Real Classroom teaching 
 
Instruments and Data Analysis 
In Table 2 an overview of the data collection instruments measuring prospective teachers TPACK learning and 
classroom practices is presented. 
 
Table 2 
Prospective teachers TPACK learning and Classroom Practices 
 TIAR Interview Observ. 
Checklist 
TPACK 
Questionnaire 
Instructional Plan  
 
   
Actual Classroom 
Practices 
  
 
 
 
Self- Reported    
 
 
 
 
                           Note:TIAR((Technology Integration Assessment Rubric) 
The first author was responsible for data collection and analysis. We collected three types of TPACK data from the 
respondents (self-reported, product evaluation and classroom observation). To analyze the data, Quantitative content 
analysis was used. Content analysis was used for the analysis of the data types: video recordings (ie observations) 
and the lesson plans. The documents were categorised and coded based on the TPACK framework. Points or marks 
were then awarded based on criteria spelt out on the observation checklist and the lesson plan analysis instrument. 
Once these points have been awarded, we conducted a systematic quantitative analysis of the occurrence of 
particular categories based on the TPACK frame work. 
 
 
 
Findings 
Overall reporting of the results indicated very high means for all seven TPACK sub-scales. Table 3 shows the 
average TPACK score levels by the teachers when all the three assessment types: Self-reported, Instructional and 
Actual practice are used. The result indicated that by the end of the PD, the participants were able to acquire very 
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scores in their own thinking about content (CK= 2.61), pedagogy (PK=2.62), and pedagogical content (PCK=2.62). 
The fact that these participants were already mathematics teachers and had some experiences in teaching could 
explain these changes. The results also indicated development of concrete technology skills (TK=2.47) and 
technology related dimensions of TPACK (TPK= 2.48, TCK= 2.48 and TPACK= 2.46) although these teachers 
were introducing technology in their teaching for the first time.  
 
Table 3: Mean score responses for TPACK (N=12) 
TPACK Sub-scales Mean SD 
TK 2.47 0.20 
CK 2.61 0.11 
PK 2.62 0.09 
PCK 2.52 0.20 
TCK 2.48 0.13 
TPK 2.48 0.09 
TPACK 2.46 0.09 
Thus the results indicate that every category of knowledge in the TPACK framework was developed by the teachers 
confirming that the framework emphasizes beyond seeing C, P, and T as being useful constructs in and of 
themselves and stressing the importance of the connections and interactions between these three elements of 
knowledge. Taken as a whole, our results indicate that the PD arrangement in general, or the task of developing and 
teaching a technology lesson in particular, is well suited to developing knowledge across the spectrum of reasoning 
suggested by the TPACK framework. 
 
Figure 1 gives a summary of the results of the TPACK scores delineated by the teachers’ expressed self-reported 
beliefs, their Instructional plans and actual teaching behavior of their TPACK competencies in teaching with 
technology. Based on these results, it appears that the self reported TPACK assessment type recorded high scores for 
TPACK and all its dimensions. The highest score was 2.75 for each of PK, TCK and PK dimensions and the lowest 
2.56 for TK.  
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Figure 1: TPACK Score by Assessment TPACK Type 
 
The Instructional and Actual Practice types reported relatively low scores as compared to the Self-reported data. 
This confirms results in other studies (Kereluik, Casperson, & Akcaoglu, 2010; So & Kim, 2009) which indicate that 
Self-report surveys provide important information to teacher educators about an individual's TPACK awareness; 
however, self-report surveys are limited to measuring individuals’ beliefs because they are usually over estimated.  
It is wealth noting that the Instructional plan assessment type although recorded slightly lower scores aligns with 
self-reported data; the only clear domain that distinguishes itself from the trend observed was the PCK. Comparing 
the Instructional and the Actual Practice Types, it is evident that scores recorded by observation during 
implementation were lower than what was realised in the teachers’ lesson plans. For all the dimensions apart from 
PK and CK, the scores for Instructional plan exceeded that of the observed in actual practice. Figure 2 shows the 
comparison between the teachers planned instruction and what was observed in the implementation. The figure 
indicates that teachers planned instruction differs from what is observed in practice. This is evident in 6 out of the 
seven dimensions and is pronounced in all the dimensions involving technology (TK, TCK, TPK and TPACK). 
While PK is seen most in Teachers artifacts like lesson plan documents, CK is the construct observed most 
indicating that teachers observed practice exceeded what they planned to do. 
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  Figure 2: Comparing teachers’ Planned Instruction and Actual Practice. 
 
 
 
 
 
Conclusion 
 
       This study analyzed a professional development program focusing on three types of data: self-report, lesson 
plan analysis (teachers’ planning practices) and observation (teachers’ actual practices)   that can be used to assess 
teachers’ TPACK. The challenge was to explore the extent to which teachers’ instructional plan, their actual 
classroom teaching (during lessons try-outs) and self-reported data enhance their TPACK development in a 
professional development programme to integrate technology in mathematics teaching. In general the professional 
development programme in which the teachers worked with exemplary materials through TDT’s developed the 
teachers’ TPACK in the context under the study. The results also suggested that the teachers’ self-reported data (as 
measured by TPACK survey) for TPACK and all it domains showed high scores whereas data on their actual 
observations were relative low confirming that teachers in general tend to over estimates their stated pedagogical 
beliefs (So & Kim, 2009).This indicated that the lesson plan coding scheme got closer to self-report survey data to 
assessing teachers' ability to apply their technological, pedagogical and content knowledge than their actual plan 
practices. The results also indicated that teachers’ Instructional plan differ from what they actually reflect in the 
classroom situation. Specifically, all the domains of TPACK apart from CK reported higher scores in the teachers’ 
instructional plan as compared to their actual practices.  
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